Dutch population confirmed the presence of an expanded repeat on all Huntington's disease (HD) chromosomes. Our results show that the size distributions of normal and affected alleles overlap. Normal alleles range from 11 to 37 repeats and HD alleles contain 37 to 84 repeats. A clear correlation is found between age at onset and repeat length, but the spread of the age at onset in the major repeat range producing characteristic HD is too wide to be of diagnostic value. In the available parent-offspring pairs, maternal HD alleles show a moderate instability with a slight preponderance of size increase over size decrease. Paternal alleles have a bimodal distribution: the majority (69%) behave similarly to the maternal alleles, while the remainder (31%) show a dramatic expansion, the degree of which appears proportional to the initial size. This is shown in three out of four juvenile patients, who have repeats of 71, 74, and 84 copies, respectively, originating from expanded paternal HD alleles in the previous generation. Two sporadic cases are caused by expansion of 'large' normal paternal alleles of 32 and 34 repeats, respectively, to 46 copies. This not only confirms the diagnosis of HD in two de novo cases, but it also underlines the increased paternal instability. In addition paternal repeat instability was once detected within the normal range in two sibs who inherited 21 Analysis of the distribution of the length of the (CAG)n repeat in the Dutch population confirmed the presence of an expanded repeat on all HD chromosomes. Since expanded trinucleotide repeats tend to be unstable in transmission,9 we studied the behaviour of the (CAG)n repeat in successive generations in all available affected parent-offspring pairs. Furthermore, we have analysed the (CAG)n repeat in two Dutch families with sporadic cases of HD.
Materials and methods

PATIENTS
All HD patients from families participating in the presymptomatic DNA testing service and from five families of our mapping panel were tested.'01' To establish allelic variation of the (CAG)n repeat in the normal population we included 95 unrelated spouses or normal parents of affected HD patients. Diagnosis of HD in these families was confirmed as previously described. 5 The age at which choreic movements became manifest was designated as the age at onset of HD in these patients.5 Four juvenile patients with an age at onset of 10, 10, 7, and 6 years, respectively, were included in this study. Genomic DNA was isolated from venous blood or cultured EBV transformed cell lines as previously described. 12 13 For PCR analysis of the (CAG)n repeat the published primers were used.3 The PCR assay was modified as follows. PCR was performed in a reaction volume of 25 (l using 100 ng of genomic DNA, 100 pmol of each primer, 10 PCR products were mixed with an equal volume of 95% formamide loading buffer, denatured for five minutes at 95'C, and separated on 6% denaturing polyacrylamide gels. Autoradiography of fixed and dried gels was one to four days at room temperature. Since the band below the upper band of the PCR product was in most cases the major band using these primers and PCR conditions, this band was taken to estimate allele sizes relative Similarly, an increase from 34 to 46 copies was observed in transmission from the father to the affected offspring in family 2 ( fig 3C) . In the latter case, but not in the former, the affected chromosome carried the major HD haplotype reported by MacDonald et a114 ( fig 3B) . Nonpaternity was excluded in both cases.
INSTABILITY OF THE (CAG)N REPEAT
The size of the expanded allele varies within families both between and within sibships. While it has an overall tendency to increase in length, contractions are observed as well.
For those cases where affected parent-offspring pairs were available for analysis, the data were divided according to parental sex (fig 4) . In six out of 13 maternal cases (46%) the size of the repeat increased upon transmission from parent to offspring, in two cases (15%) the repeat number decreased, and in five cases (38%) no change was observed. This is only a minor deviation from the line that is obtained when alleles are transmitted unchanged (fig 4) . Paternal alleles show clear bimodal behaviour: in 11 out of 16 (69%) paternal transmissions the repeat stability is comparable to the maternal transmission: moderately unstable with five (45%) small increases, three (27%) decreases, and three unaltered cases (27%). In addition, five alleles (31%) were significantly elongated. Interestingly, the degree of the expansion itself seems to be proportional to the initial size of the paternal allele (fig 4) . Three of these were expanded HD alleles giving rise to juvenile HD in the second generation, while the remaining two were long normal alleles causing de novo HD (see above). In two parentoffspring pairs a large expansion of the repeat, from 44 to 71 and from 47 to 84 copies, was found. In one case, with a 74 copy repeat, the elongation of the repeat in transmission from father to child could not be directly verified in the father as his DNA was not available. Although the effect of parental sex on the expansion of trinucleotide repeats is also seen in the fragile X syndrome and myotonic dystrophy, there is still no explanation for this phenomenon. A potential relationship between super-expansion and haplotype is under study.
The possibility of using the size of the (CAG). repeat as a diagnostic tool dramatically changes the predictive DNA test. It will in most cases eliminate the need for linkage analysis. This greatly facilitates counselling and makes the test available to applicants without living relatives. A complicating factor is the overlap between normal and expanded alleles in the mid thirties. This requires caution in arriving at a good risk estimate of (CAG)n repeat copy numbers in this range.
Considering our findings this figure is likely to depend on parental sex and possibly the haplotype of the chromosome, while it may well be influenced by additional factors. An obvious candidate would be the size of the repeat of the -n normal allele. Since HD is a dominant disease, 90 huntingtin could well function as a multimeric protein, with defective subunits exerting a tch dominant negative effect.26 The possibility then exists that for borderline functional subunits, minor variations in the function of the complementing normal subunits become of critical importance.
